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 Diamondback terrapin turtles (Malaclemys terrapin) have been culturally and 
economically important since at least the nineteenth century. However, due to overharvesting, 
this became a species of conservation concern. While extensive data are available to describe its 
natural history, some conditions that impact nest predation are poorly understood. In this 
exploratory study, vegetation type and distance to the high tide line were examined to determine 
their potential impact on predation of diamondback terrapin nests by raccoons. For that, terrapin-
scented water was used to construct 50 artificial nests at Jamaica Bay Wildlife Refuge. These 
artificial nests were placed in areas differing in vegetation coverage and distance from the high 
tide line, and monitored for raccoon predation. While the results were not statistically significant, 
they do suggest that vegetation density surrounding the nest may be a factor in raccoon 
predation. This study failed to identify a relationship between nest distance from the high tide 
line and raccoon predation. This may be worth exploring further given the limitations imposed 
by the configuration of the landscape at the study site. Future investigations of the relationship 
between vegetation density and predation should consider possible protective effects of high-
density vegetation, especially plants like the non-native, thorny beach rose (Rosa rugosa).  
This preliminary study was intended to span two seasons. The second season of data 
collection was not conducted because no research permits were issued during the global COVID-





Diamondback terrapins have a rich economic and cultural significance in the United 
States (Brooks 1893, Barney 1922), yet their conservation status has been a concern since the 
early twentieth century (Hildebrand 1928, Stanford et al. 2020). This endemic, omnivorous turtle 
species has characteristic cream-colored skin speckled with black dots. Males range in size from 
ca. 11cm to 14 cm in males, and females from 17 cm and 30 cm. It is restricted to a shoestring 
habitat along the Atlantic coast, in brackish waters, extending approximately from Cape Cod in 
Maine south to the Gulf of Mexico near Corpus Christi in Texas.  
Diamondback terrapins came under threat due to the turtle soup industry (Converse et al. 
2017, Hay 1917). There were efforts to farm terrapins, starting in 1902 by the Bureau of 
Fisheries, and earlier by private individuals. This was a tactic to prevent overfishing of wild 
populations. Those efforts had limited success (Hay 1917), and today these animals are still 
recognized as vulnerable on the IUCN Red List (Roosenburg et al. 2019). Still, there are 
currently no federal laws or regulations protecting terrapins. While some states, like New York 
and Maryland, have laws to protect wild populations, they are difficult to enforce (Hart and Lee 
2006).  
This study was conducted at Jamaica Bay Wildlife Refuge (Figure 1), a site that has been 
tremendously impacted by anthropogenic activities during the last 120 years (Feinberg and 
Burke 2003). Until the 1970’s there was a large amount of dredging and construction in the 
region that caused a substantial decrease of salt marsh (Hartig 2002). In the 1960’s, many non-
native species were planted within the refuge. As of 2009, up to 49% of all vegetation species in 
the refuge are non-native (Stalter et al. 2009). Raccoons (Procyon lotor), a common predator of 
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turtle eggs, were also introduced to the site through human activity in the 1980’s (Feinberg and 
Burke 2003). 
As climate continues to change and sea levels rise, it is important to understand how this 
might impact the security of terrapin nests. To contribute to this effort, I have been collaborating 
with a research group that has been monitoring a population of terrapins that nests on Ruler Bar 
Hassock (RBH), a man-made island at Jamaica Bay Wildlife Refuge (Duncan 2014), in Queens, 
New York, for 21 years (Feinberg and Burke 2003). One significant feature of this site is a 
landlocked pond (West Pond) that had previously been filled with freshwater. During Hurricane 
Sandy in 2012, a section of land separating the pond and the bay was destroyed, causing the 
waters to mix. The breach was repaired by the U.S. Army Corps of Engineers in 2017, but the 
pond remains brackish. 
Adult terrapins spend most of the time in the bay, although small numbers are frequently 
observed in the pond, only coming ashore to lay eggs. Nesting typically occurs during June and 
July at this site. Most nesting takes place when there is 25%-75% cloud cover and when the air 
temperature is between 20℃ and 35℃. There are approximately 2000 to 2500 diamondback 
terrapin nests laid on RBH each season (Feinberg and Burke 2003, Burke et al. 2009), but only 
about 5% of the nests survive and yield offspring (Feinberg and Burke 2003). 
Raccoons are ecological generalists and can easily adapt to many environments 
(Chamberlain et al. 2002, Lariviere 2004). Throughout North America, raccoons are the most 
common predator of turtle eggs (Rulison et al. 2012). While raccoons are native to North 
America and often inhabit marshes where they destroy thousands of turtle nests each year (Cagel 
1949), they were absent from RBH until their deliberate introduction in the late 1980’s and 
1990’s (Feinberg and Burke 2003, Rulison et al. 2012). In this area, they now have a 
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reproductive community with upwards of 70 individuals (Broadwater 2003), although precise 
population numbers are unknown (Rodriguez et al. 2018). 
Raccoons (Procyon lotor) are the primary predators of terrapin nests on RBH (Burke et 
al. 2009, Rulison et al. 2012). They find terrapin nests primarily through transient olfactory cues 
(Buzuleciu 2016, Burke et al. 2005, Edmunds et al. 2018), and depredate up to 92.2% of terrapin 
nests within 24 hours of their creation (Feinberg and Burke 2003). Since raccoons rely on 
transient olfactory cues to find nests, the nests are less likely to be predated whenever rains occur 
between the time the nest is dug and the time raccoons start foraging (Czaja et al. 2018). That 
being said, the addition of deterrent olfactory cues, such as habanero pepper powder or human 
scent, does not reduce the likelihood of raccoon predation of terrapin nests (Burke et al. 2015). 
There is evidence that, in addition to nests, raccoons depredate a small number of adult terrapins 
at this site (Rulison 2009).  
At Jamaica Bay, terrapin nests have been recorded in a variety of vegetative terrains, 
including the beach, dunes, shrublands, and trails (Feinberg and Burke 2003). Most nests are dug 
in sandy, open areas with little to no canopy cover or vegetation (Czaja et al. 2020). However, 
many nests have been found in areas with dense ground cover vegetation as well (Z. Teitelbaum, 
pers. obs.). The likelihood of predation by raccoons in each different class of vegetative terrains 
is still unknown.  
No studies have yet investigated how distance from tide-line impacts nest predation in 
diamondback terrapins. Yet, this topic has been addressed in other turtle species where maternal 
nest site selection has been shown to be impacted by fox predation (Spencer 2002, Spencer and 
Thompson 2003), with nest sites preferentially located on the beach closer to the shoreline. 
However, despite female painted turtles (Chrysemys picta) preferentially digging nests close to 
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the shoreline, nest survival rates increase the further the nest is from the water (Kolbe and Janzen 
2002). Since raccoon tracks are often observed following the high tide line the beach of RBH (Z. 
Teitelbaum, pers. obs.), I hypothesize that this trend may exist for diamondback terrapins, 
especially if the raccoons follow scent markers from the beach to the nest.  
If the relationships between raccoon-induced nest predation and local environmental 
conditions can be understood, appropriate strategies can be recommended to ensure that terrapins 
continue to have suitable nesting habitats in this area. In this exploratory study, I examined how 
nest distance from the high tide line and vegetation density around nests impact terrapin nest 
predation rates. If either of these factors have an impact, conservationists will be able to use 
these data to implement science-based practices and initiatives to protect diamondback terrapins 




I examined nest predation attempts in Jamaica Bay wildlife Refuge along a stretch of land 
located between the saltwater bay and a brackish-water pond in RBH (Figure 2). The distance 
between these two features is as short as 70 m at some points, and greater than 100 m at others. 
Prevalent plant species distributed throughout this study site are beach grass (Ammophila 
breviligulata), beach rose (Rosa rugosa), poison ivy (Toxicodendron radicans), and cactus 
(Opuntia humifusa); a few other plant varieties are present in smaller numbers. The experiment 
site is one area heavily used by nesting terrapins, but far enough away from the public walking 
trail to remain undisturbed.  
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Four different vegetation terrains were determined by visual assessment of the plants 
within a 60 cm radius around each nest. “Sandy” terrain was classified as having no apparent 
plant life. “Grassy” terrain contained beach grass and very few individual small plants. “Loose 
vegetation” had a moderate amount of low surface covering plants, but some small areas of 
substrate were easily visible. “Dense vegetation” displayed surface covering plants spaced so 
closely together that no substrate was visible. 
There were different distributions of vegetation at each distance from the high tide line. 
Sandy terrain was most prevalent 10 to 15 meters from the high tide line, with very little 
occurrence at the further distances. Grassy terrain was nonexistent at the 50 m distance. Some 
areas that might have provided suitable nesting habitat were inaccessible due to an 
overabundance of poison ivy or thorny beach rose.  
Experimental Set-up. 
To study how terrapin nest predation by raccoons is impacted by vegetation cover and 
distance from the high tide line, I dug artificial nest holes and monitored them for evidence of 
raccoon visitation. A total of 50 nest holes were dug, ten each at 10, 20, 30, 40 and 50 meters 
from the high tide line (Figure 3). A concerted effort was made to include nearly equal amounts 
of vegetation coverage among the selected sites (Supplemental Table 1). In total, 7 nests were 
dug in  “sandy terrain” with no vegetation, 13 were dug in the lightly vegetated “grassy terrain”, 
16 were dug in the moderately vegetated “loose vegetation” terrain and 14 were dug in the 
densely vegetated “dense vegetation” terrain.  
To construct the artificial nests, I produced terrapin-scented water using a protocol 
modified from a previous study our group conducted with terrapin scented sand (Burke et al. 
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2005, Edmunds et al. 2018). A recently nested female was captured on her way back to the bay 
each day artificial nests were set up. The terrapin was held in a plastic bucket with 5.5-7.5 liters 
of ocean water for at least 30 minutes to extract the terrapin scent. The scented water was then 
collected in plastic 3.8 liter water jugs and used as soon as possible. Once the scented water was 
collected, study nests were constructed. If there was insufficient time to dig nests the day the 
scent was extracted, the scented water was stored for no longer than 48 hours.  
To minimize stress, gravid females were not held to extract scent. To determine if a turtle 
was gravid, I palpated the soft tissue posterior to the hind legs to feel for eggs. 
Nest holes were dug by hand to an approximate depth of 10 cm, and surgical gloves were 
worn to mask any human scent. A total of 50 ml of terrapin-scented water was mixed with the 
sand used to fill the artificial nest hole. All nests were smoothed to reduce visual cues and 
marked with orange flags (Figure 4).  
Data Collection. 
Data collection occurred during terrapin nesting season in the months of June 2019 and 
July 2019, as appropriate given the weather conditions (temperature, precipitation), the tidal 
cycle, and observed nesting activity. Specifically, the nests used in this study were dug on three 
separate dates over a six-week period. On the first day, 20 nests were dug at 10 and 20 meters 
from the high tide line. On the second day, 10 nests were dug at 30 meters from the high tide 
line. On the third day, 20 nests were dug at 40 and 50 meters from the high tide line. All nests 
were assessed between 24 and 48 hours of being constructed for indicators of predation because 
most instances of nest predation have been shown to occur within the first 24 hours (Feinberg 
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and Burke 2003). Only nests with a conical shaped hole, indicative of raccoon activity, were 
considered predated (Figure 5).  
Data Analysis. 
Of the 50 total nests constructed, I excluded data from two nests due to inconclusive 
predation indicators. One of these nests was located 20 m from the high tide line and in grassy 
terrain, the other was located 40 m from the high tide line, in loose vegetation.  
The nests were each categorized by distance from the high tide line, vegetation density 
surrounding the nest, and both distance and vegetation combined. Due to the limited number of 
data points, I used Fisher’s exact test of independence to determine if one distance impacted the 
results more than another (Fisher 1922, 1954). To perform the test, I used an online statistical 
tool called SISA (http://www.quantitativeskills.com/sisa/statistics/fiveby2.htm). This test 
provides a p-value, which supports or rejects the null hypothesis (Greenland et al. 2016). No 
analysis was done for vegetation, since predation was only observed in one terrain type. 
 
Results. 
Of the 48 nests with valid observations, a total of seven showed signs of predation (Table 
1). The findings show that 100% of the predated nests were found in grassy terrain, between 20 
and 40 meters from the high tide line (Table 1, Supplemental Table 2, Supplemental Table 3, 
Figure 6, Figure 7). Of the total nests showing signs of predation, one (14%) was found at the 20 
m distance, two (29%) were located at 30 m, and four nests (57%) were found at 40 m from the 
high tide line.  
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Fisher’s exact test of independence shows that the relation between distance from the 
high tide line (10m, 20m, 30m, 40m, or 50m) and predation by raccoon (predated or not 
predated) is significant, (4, N = 48), p = 0.02166. 
 
 Discussion. 
 This exploratory study suggests that it is worthwhile to further examine the impacts of 
vegetation type, as well as distance from the high tide line, on terrapin nest predation by 
raccoons in Jamaica Bay. Out of four different types of vegetation types sampled in the region, 
only the grassy terrain had nests with signs of predation attempts. The difference in predation 
seen at different distances from the water may also be explained as a product of the vegetation 
densities; predation increased with distance to the water line up to 40 m (where there was also an 
increase in grassy terrain), but then decreased sharply to the point of no predated nests observed 
at 50 m, where there was no grassy terrain.  
While my limited number of data points restricted the options I had for statistical 
analyses, I was able to find a statistically significant result. The Fisher’s exact test suggests I can 
reject the null hypothesis that there is no relationship between distance and predation. I do not 
have enough data to determine how distance is significant, but the analyses suggest that it has an 
impact on predation. 
Additionally, the fact that all predated nests were found within the grassy terrain warrants 
further study. Additional data will help clarify these statistical findings, and allow me to 
legitimately run a greater variety of statistical test. In a future study, I would like to collect data 
from at least 200 nests, 10 nests for each pair of variables, so there are enough data points to run 
13 
 
a chi-square test (McHugh 2013). This will allow me to evaluate whether distance from the high 
tide line or vegetation density have a statistically significant impact on raccoon predation.  
An important issue that should be addressed in a future study is the potential role of a 
secondary body of water at this site. In this experiment, the distance of the nests was measured 
from the saltwater bay, which is affected by the tides. Yet at this field site there is a landlocked 
pond that extends as close as 70 meters from the bay (Figure 2). This means that as nests were 
dug further away from the bay, they were placed closer to this pond, and that, due to the 
secondary body of water, the farthest distance available in this study was about 50 meters. This 
gives rise to questions about the effect this secondary body of water had on the prevalence of 
raccoon predation observed here. When analyzing these results, it may important to consider that 
raccoon predation habits may be similarly impacted by pond water as they are by bay water, 
where the tide is ebbing and flowing. If there were no secondary body of water, would predation 
be observed at further distances (e.g. at 50 m from the water line or beyond)? Selecting an 
alternate site that lacks a secondary body of water would enable me to address these questions. 
Additionally, sampling a piece of land without a pond limiting the nest distance from the high 
tide line will allow for the exploration of an upper limit at which predation occurs. An alternative 
to finding a site without a landlocked pond would be to continue the study on RBH and Jamaica 
Bay, and integrate distance from the pond as a third variable.  
The vegetation classification protocol in this study, which was done by visual analysis, 
can also be improved. Future studies will benefit from a formal assessment of plant species 
surrounding each nest. Using a vegetation classification system where I can visually estimate the 
percent bare ground, the percent cover of monocotyledonous plants, percent cover of 
dicotyledonous plants, and percent leaf litter in a 1 m2 area around the nest (Czaja et al. 2020) 
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would allow for a more uniform and scaled system, rather than a categorical system. In addition 
to the density of the vegetation, it is also possible that the species of plants present in Jamaica 
Bay may impact raccoon predation. To address this question, a future study can include 
predation assessments for different plant assemblages. It would be particularly interesting to 
investigate if beach rose, which has many sharp thorns, deters raccoons more than other plants. 
Since beach rose is a non-native, but naturalized, plant, it would be particularly interesting if it 
offered terrapin nests protection against raccoon predation. 
This study was initially designed to examine how nest distance from the high tide line 
and vegetation around terrapin nests impact predation attempts by raccoons. Care was taken to 
represent each of these independent variables as evenly as possible within the study site. Yet the 
study did not have the best distribution to reliably show how distance and vegetation interact. 
This opens avenues to refine this study by looking at any correlation that may exist between 
distance from the high tide line and vegetation coverage. If there is a correlation between 
distance and vegetation, and if predation is associated with vegetation class, distance may have 
an indirect impact on predation.  
Nest predation is a complex issue that involves more than vegetation type and distance to 
water; there may be other variables that play into this system. Because terrapin scent is a cue that 
raccoons use to locate nests, and because daily temperature, humidity and precipitation may 
impact how long scent persists (Czaja et al. 2018), these may be important additional variables to 
keep track of in future studies.  
If subsequent studies suggest that distance from the high tide line influences predation, 
setting aside land that provides the best distance ranges of nesting habitat as measured from the 
predicted new coastline after sea levels rise will be critical for the long term survival of this 
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species. Additionally, understanding what density and types of vegetation best protect nests can 
inform current and future practices related to beach landscaping and planting initiatives. If a 
more robust dataset supports the preliminary result that grassy terrain offers less protection 
against raccoon predation than dense vegetation, conservationists should consider planting plants 
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Table 1. Predation of all terrapin nests as a function of distance from the high tide line and 
vegetation density.  
Distance (m) Vegetation Classification Total nests Total predated 
nests 
Percent predation 
10 1 – Sandy  4 0 0 
10 2 – Grassy  1 0 0 
10 3 – Light plant growth 3 0 0 
10 4 – Dense plant growth 2 0 0 
20 1 – Sandy  0 0 0 
20 2 – Grassy  2 1 50 
20 3 – Light plant growth 5 0 0 
20 4 – Dense plant growth 2 0 0 
30 1 – Sandy  1 0 0 
30 2 – Grassy  5 2 40 
30 3 – Light plant growth 2 0 0 
30 4 – Dense plant growth 2 0 0 
40 1 – Sandy  0 0 0 
40 2 – Grassy  5 4 80 
40 3 – Light plant growth 1 0 0 
40 4 – Dense plant growth 3 0 0 
50 1 – Sandy  1 0 0 
50 2 – Grassy  0 0 0 
50 3 – Light plant growth 4 0 0 




Supplemental Table 1 – Individual data points 
Nest # Distance (M) Vegetation Class Nest # Distance (M) Vegetation Class 
1 50 3 26 30 1 
2 50 3 27 30 2 
3 50 1 28 30 2 
4 50 3 29 30 3 
5 50 4 30 30 4 
6 50 3 31 20 3 
7 50 4 32 20 3 
8 50 4 33 20 3 
9 50 4 34 20 4 
10 50 4 35 20 4 
11 40 2 36 20 3 
12 40 2 37 20 3 
13 40 2 38 20 2 
14 40 2 39 20 1 
15 40 4 40 20 2 
16 40 2 41 10 1 
17 40 3 42 10 3 
18 40 4 43 10 1 
19 40 4 44 10 4 
20 40 3 45 10 3 
21 30 4 46 10 4 
22 30 2 47 10 1 
23 30 2 48 10 2 
24 30 3 49 10 3 
25 30 2 50 10 1 
Key 1 – Sandy Terrain 
2 – Grassy Terrain 
3 – Loose Vegetation  
4 – Dense Vegetation 
 
Supplemental Table 2 – Terrapin nest predation as a function of distance from the high tide line 
 
Distance (m) Percent Predated Total nests Total predated 
10 0 10 0 
20 11.111 9 1 
30 20 10 2 
40 44.444 9 4 
50 0 10 0 
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Supplemental Table 3 – Terrapin nest predation as a function of vegetation density 
Vegetation Classification Total nests Total predated Percent Predated 
1 - Sandy 6 0 0 
2 - Grassy 13 7 53.846 
3 – Light plant growth 15 0 0 







Figure 1 – The West Pond on Rulers Bar Hassock of Jamaica Bay Wildlife Refuge in relation to 




Figure 2 – The Jamaica Bay Wildlife Refuge study site. Nests were set up within the red outline, 





Figure 3 – Study site at Jamaica Bay Wildlife Refuge. Green circles approximate how the 
artificial nests were arranged. 
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Figure 5 – Representations of different nest states following predation. The image on the left  
shows the characteristic conical depression of an artificial nest that was dug up by a raccoon. The 
image in the middle shows the conical depression and broken eggshells characteristic of a natural 
nest dug up by raccoons. The image on the righ shows the flat, undisturbed surface of an 






Figure 6: Percent of predated nests based on vegetation class 
 
Figure 7: Percent of predated nests based on distance from high tide line 
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